Abstract-We present results from a predictive atomic level simulation of Boron diffusion in Silicon undcr a widc \variety of implant and annealing conditions. The parameters for this simulation have been extracted from first principles approximation models and molecular dynamics simulations. The results are compared with experiments showing good agreement in all cases. The \paramden and reactions used have bccn implemented into a continuum-level model simulator.
I. Introduction
Predictive modeling of silicon bulk processing requires the development of \physically-bascd simulation tools. Thcsc tools should be capable of predicting the spatial dopant distribution after implantation and annealing with a minimum of parameter re-fitting from one processing condition to another. In this paper we present an atomistic approach to the development of predictive process simulation tools. Wc first discuss thc usc of first principles methods to construct a database of point defect, extended defect and dopant energetics. These results provide us with a thorough fundamental understanding of interstitial and vacancy diffusion kinetics, as well as of The defects, vacancies and interstitials, and dopants are represented as points with a set of conditions, such as interaction radius, size (for the case of clusters), shape and diffusivities. Interactions between dopants and defects can also be included, such as the case of Boron clustering to Silicon self-interstitials. Diffisivities and binding energies of clusters set up the probabilities for a process to occur, diffusion or cluster dissociation respectively. Those mobile particles move a fixed distance, first nearest neighbors in this case, in a random direction in the crystal.
The input data for such a simulation consists, therefore, on the values for dihivities and binding energies of the different species. These values can be extracted from first principles calculations or other basic simulations. In our case we use the values for the diffusivities of vacancies and selfinterstitials obtained from molecular dynamics simulations [2] . The migration path for Boron in Silicon has been calculated by Zhu [3, 41 and the energetics obtained are used in our sirnulation. Besides Boron migration, the inteaction between Boron with silicon selfinterstitials were also studied by Zhu. From these simulations binding energies of B-I complexes were obtained and are included in the kinetic Monte Carlo simulation. For details on these values see refs. [S J.
In the case of ion implantation another input for the kinetic Monte Carlo simulation is the initial configuration of defats (vacancies and interstitials) and dopant (Boron). We obtain this three dimensional distribution fiom a binary collision code such a UT-Marlowe [6] , proved to give accurate as-implanted profiles for Boron at energies above 1 keV. Individual ions are simulated with this model to a total of at least 2000 independent cascades. The different ions are included in the Monte Carlo with a time spacing between two ions given by the dose rate of the simulation.
III. Results
In fig 1 we present This model has been implemented into a continuum model simulation. The equation solver Alamode was used to simulate the same conditions presented here. The input data used for this simulation was the same as the ones used for the kinetic Monte Carlo simulations. Also in this case good agreement was obtained both with the kinetic Monte Carlo results and the experimental data, without fitting any of the parameters of the simulation. Fig 4 shows the results of the simulation using Alamode for the case of 800 C anneal presented in this paper. We include in this figure the comparison between Alamode, the kinetic Monte Carlo simulations and experimental data. Observe the good agreement between all three. This hierarchy of simulation methods can be of great interest for fbture development of predictive models for ion implantation and defect diffusion.
